T he urban medium-voltage electr icity distrib utio n net wor ks, built in meshed configuratio n, are operated mo st o ften in unmeshed or rad ial diagrams b ecause o f the necessity o f simp lifying the oper ating cond itio ns and r ed ucing investment in switching and protective eq uip ment. T he reco nfiguratio n o f the oper atio n diagrams of the urb an electricity distrib utio n net wor ks is usuall y do ne as a seque nce o f the sea so nal fluctuatio ns o f the co nsu mp tio n or in ord er to remo ve the effects o f a br eakdo wn. B y reco nfigur atio n we usually mean that change of the net wor k topo lo gy, which is d ue to the operatio n o f d isco nnec ting a line a nd connecting a no ther , so tha t:
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B y use o f the proposed reco nfigur atio n method s it is estimated an impro vement o f the quality o f electr ic ener gy supply in the med ium and lo w voltage networ ks, concurrently with red ucing the op eratio n costs of these net wor ks. 
RECONFIGURATION OF THE OPERATION DIAGRAMS OF URBAN ELECTRICITY DISTRIBUTION NETWORKS BY MINIMIZING THE ENERGY LOSSES

INTRODUCTION
In this paper there will be presented some mathematical models of reconfigurating the distribution electric networks, also some heuristic methods to solve these models. The purpose of using these models will be to ensure the continuity of the customes' supply through the reconfiguration, using a resticted number of actions with the operation diagram, as a result of a black-out, provided that the energy losses in the network will be minimized. Also there will be presented: a mathematical model and a method to solve the problem of reconfigurating distribution electrical networks by minimizing the power losses on a short term. To establish the energy losses, two techniques of calculation are used: -one which takes into account the value of the real and reactive power consumption during 24 hours, by hourly levels; the method is quite accurate, but it requires a great number of entering data; -another method, which takes into account only the active energy consumption during a given period of time; this method is approximate, but it needs less entering data than the first one, and it is more reliable. Some applications will be annexed to the presented methods, which have been obtained by use of dedicated computer programs.
EXPOSITION OF THE PROBLEM
The distribution medium voltage and low voltage networks represent about 85 % of the total of the transportation and distribution networks of Romania; the electricity consumption has shifted in the last ten years towards the medium and low voltage. For instance, in 1998, about 70 % of the energy was sold at medium and low voltage, compared with abot 51 % in 1989. So, the energy losses grew greater . Let us mention that in 1990 , the energy losses in the medium and low voltage networks represented about 37 % of the total of energy losses of the national energy system , while in 1994 they were over 50 % of the total losses of the system and in 1997 they represented 65 % of the total losses. Consequently, it is very important to establish the operation diagrams which direct to the least energy losses of the network and to an economic operation. The methods used to determine the un-meshed operation diagrams of the medium and low voltage networks which are built in meshed configuration which will be presented aim to minimizing the losses, starting from the results in (1), (2) and (8) . The urban medium distribution networks, built in meshed configuration, are usually operated in un -meshed, tree diagrams, due to the necessity of simplifying the operating conditions and reducing costs for the switching and protective equipment. The reconfiguration of the operation diagrams of the urban electricity distribution networks is usually done as a sequel of the seasonal fluctuations of the consumption or in order to remove the effects of a breakdown. There are situations when it is better to execute the reconfiguratin with a minimal number of operations ( because of a restrictid number of workers, in the less automatized networks, or being a matter of quality meaning the shortest time of interrupting the customers' supply). For this reason there is a concern for finding some methods and computer programs to establish, using a restricted number of operations, an un -meshed diagram, with the least energy losses. By operation it is usually meant that change of the network topology, which is due to the operation of disconnecting a line and connecting another, so that:
all the consumers should be supplied; the technical constraints of non-exceeding the highest admissible current in the network lines and the framing of the voltage between the admissible limits should be observed; the operation diagram of the urban electricity distribution network should be left un-meshed.
THE MATHEMATICAL MODEL USED FOR RECONFIGURATING THE DISTRIBUTION NETWORKS BY MINIMIZING THE REAL POWER LOSSES
The mathematical model which is the most often used to reconfigurate the distribution networks contains the objective function which aims at minimizing the real power losses in the network:
where: p represents the value of the active power losses in the network;
(i, j) are the network nodes to which the (i, j) line is concurrent; L is the set of electric lines of the network; I (i,j) is the electric current through the (i, j) line, corresponding to the peak load; R (i, j) is the electric resistance of the (i, j) line; α (i,j) is a binary variable, which becomes 1 or 0, corresponding to the situation of the (i, j ) line (operating or not).
There will be considered two classes of restrictions: a) Operation restrictions: R1-the number of electric lines which are operating has to be equal to N-1, N being the number of network nodes:
R2-between two certain nodes of the network it has to exist a link made of operating electric lines: d(v j ) ≥ 1, ∀j∈J, where v j represents one node of the network, with d(v j ) the degree of the extremity j, J=1,…,N represent the set of nodes; R3-by normal operation conditions it has to be imposed or forbiden the operation of some electric lines. b) Technological restrictions R4-the value of the current through the electric lines has to be inferior to the highest acceptable limit:
where I max (i,j) represents the highest acceptable current through the (i, j) line; R5-the voltage drop along the lines has to be inferior to the acceptable value:
where ∆U j represents the voltage drop in node j while ∆U adm represents the acceptable voltage drop along the network lines.
RECONFIGURATION OF THE DISTRIBUTION NETWORK BY MINIMIZING THE ENERGY LOSSES
As a rule, the un -meshed operating diagrams are thought to minimize the real power losses. Establishing the un-meshed diagrams is usually done when passing from a season to another, taking into account the peak values of the consumption. This solution of the problem of establishing the optimum of the operating diagram of the un-meshed networks does not take into account :
the fluctuation of the consumption load during one day; the change of the consumption of the week-end days compared to the week-days; the inconformity of the consumption peak of different consumers with the consumption peak of the network, so by operating with the resulting un-meshed diagram there will not be obtained minimum energy losses. For these reasons the existing tendency is to try to find the un-meshed diagram which ensures the minimization of the energy losses (3 -5) . To be operated with minimal energy losses, the networks should be fitted with remote control switching equipment, preferably on each line. In this situation, although significant reductions of the energy losses have to be expected, the total investment costs would raise (3) . Farther it will be proposed a method of establishing the un -meshed operation diagram which results in least active energy losses on a given length of time, when the diagram configuration would not change.
The mathematical model used for reconfigurating distribution networks by minimizing the active energy losses
a) The variant with the places of consumption characterized by active and reactive load curves In each consumption place the load curve represented by a number of levels is considered to be known. The objective function of the mathematical model presented above will become:
where:
w represent the active energy losses; K represents the set of levels of the curve; k is one level from K; t k represents the duration of level k. Each of the R1 -R5 restrictions has to be fulfilled on each level of the load curve. It results:
To raise the flexibility of the method, the restriction R5 will become more relaxed, by allowing, on one single level, on each line of the electric network, that the highest acceptable current will be exceeded for an hour. The value of this exceeding, which does not affect the life cycle of the conductors, is given by the product between an increase coefficient c m and the highest acceptable current at a constant load. The values of the increase coefficient for an hour, taken from (6), are given in Table1 (at right). Under these conditions, the R5 restriction can be written under this form: 
Because taking into account this possibility of exceeding the highest acceptable current, the number of un -meshed digrams, from which to choose the one with minimal energy losses, will be larger. The method of reconfigurating the distribution networks for minimizing the active energy losses is based upon the heuristic algorithm presented in (1) and analised in (7).
b) The variant with places of consumption characterized only by the active energy consumption It is considered to be known in each place of consumption the electric energy expenditure during the period of analysis. The objective function of the mathematical model presented above will become:
where w represents the active energy losses during the period T of analysis. The values of the terms inside the two brackets (W Q , W P , and the filling coefficient of the load curve, k u ) are estimated with the data concerning the active and reactive load in the injection places of the network in study. The technological restrictions R4 and R5 will be verified for each line only at the maximum load corresponding to the period T of analysis. The method has not the accuracy of the one using in each consumption place active and reactive curves in what concerns the observance of the technological restrictions. Further, the method of reconfiguration of the distribution networks with the minimization of the active energy losses is based, as before, on the heuristic algorithm presented in (1) and analised in (7).
Application
For the network which is presented in fig.1 it was realized an application to establish the un -meshed diagram for operating with minimum active energy losses, where: -the consumption in each node was represented during 24 hours by horarly levels; -for each line of the network it was accepted, for one hour, exceeding the highest acceptable current by at the most 10%. The characteristics of the network (the electric lines parameters and consumption in the nodes) are taken from (2). fig.1 The meshed network In the application it was firstly established the unmeshed diagram with minimal real power losses. The consumption in the nodes of the network has been represented by the values corresponding to the load peak, registered on the level 20 of the load curve. The unmeshed diagram with minimal real power losses which is obtained is presented in fig.2 . The value of losses of real (active ) power for this diagram is of 143,478 kW. The highest acceptable value of the current is exceeded in no line of the network. Then it was established the un -meshed diagram with minimum energy losses, which is represented in fig. 3 . For the diagram established according to the criterium of the minimum energy losses, the power losses value on level 20 is 134,714 kW, less then the power losses obtained with the diagram with minimum power losses, for the same consumption values. This fact was possible by overloading line 1-10 with about 2% on the 20 level. In fig.4 is presented the variation of losses on each horarly level, for the initial operation diagram, for the unmeshed diagram according to the criterium of the minimum power losses, meant as the "p min " diagram, and for the un-meshed diagram according to the criterium of the minimum energy losses, referred as the "w min " diagram. It can be noticed in fig. 4 that for the un-meshed diagram, using the minimum energy losses criterium the energy losses are smaller (with about 6%) on each level, compared to the diagram un-meshed according to minimum power losses criterium. The total energy losses in the 24 hours are on the turn with 6% smaller for the minimum energy losses un-meshed diagram than for the minimum power losses un-meshed diagram. fig. 2 The minimum power losses un-meshed diagram fig.3 The minimum energy losses un-meshed diagram
RECONFIGURATION OF THE DISTRIBUTION NETWORK USING A RESTRICTED NUMBER OF OPERATIONS
Due to the restricted number of operations by which one may pass from the given diagram to another, with smaller losses, the solution to be obtained will be of poorer quality, less the allowed number of operations will be. -it allows the analysis of any un-meshed operation diagram of a network, attempting to establish an un-meshed diagram, with as small as possible losses; -if there is established the highest number of operations, it will try to determine an un-meshed diagram, with smaller losses than the given diagram, observing the allowed number of operations; -if the number of operations is not restricted, the program may determine the un-meshed diagram with smaller losses, specifying the number of necessar operations for reaching it. Because the final solution of the presented euristic algorithm depends upon the starting diagram, it is possible, using the algorithm by starting from different initial diagrams, to obtain final solutions closer to the optimum, as it may be seen in fig.5 In fig.5 , each node corresponds to a solution (the unmeshed diagram). The thicker line indicates the trajectory of the searching process, established by choosing from each new generation of un-meshed diagrams the best. Obtaining the optimum is not guaranteed,at least, from many solutions which represent local optima, it may be chosen the one which assigns to the object function the smallest value.
CONCLUSIONS
By using the network reconfiguration methods which are presented, it is estimated the improvement of the quality of energy supply in the distribution medium and low voltage networks, concurrently with reducing the operation costs of these networks. The computer program EURIST, for the study of reconfiguration of the operation diagrams of the distribution networks is based upon the model presented in this paper. The result of the calculation done with this program is the graphical plot of the best operation diagram determined, the value of the losses and the list of the lines which must be disconnected.
